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PROJECTION TYPE LIQUID CRYSTAL 
PROJECTOR 

This application is a divisional of U.S. Pat No. 07/938. 
261. filed Oct. 21. 1992 and now U.S. Pat No. 5.418.586. 

TECHNICAL FIELD 

The present invention relates to a projection type liquid 
crystal projector for separating white light obtained from for 
example a video tape into three primary colors, forming 
images with liquid crystal panels (liquid crystal light 
valves), mixing the images, and projecting an enlarged 
picture with a projection lens. 

RELATED ARTS 

In a conventional projection type liquid crystal projector 
as disclosed in Japanese Patent Laid-Open Publication Serial 
No. SHO 63-247720, white light is separated into three 
primary colors with dichroic mirrors. With liquid crystal 
light valves respective images of these colors are formed. 
Thereafter, with an image mixing mirror, these images are 
mixed. Next, with a projection lens, the mixed image is 
enlarged and then projected. 

With the above-mentioned projection type liquid crystal 
projector, pixel positions of the liquid crystal light valves, 
which form blue, green, and red images, cannot be relatively 
adjusted. In addition, due to deviation of the mounting 
angles of reflection mirrors disposed in the respective optical 
paths to the projection lens, the optical axis is deviated. 
Moreover, due to deviation of the mounting angles of the 
liquid crystal light valves to their optical axes, when the 
three primary colors are mixed, the resultant image is 
deviated. The deviations of positions of the liquid crystal 
light valves for blue, green, and red colors to the projection 
lens result in an out-of-focus image. As a result, the quality 
of picture being projected is deteriorated. 

To solve these problems, the mounting position and the 
mounting angle of the liquid crystal light valve for each 
color should be adjusted. Nevertheless, in the conventional 
apparatuses, only a means for moving the mounting posi- 
tions with eccentric pins or adjustment screws is provided. 
However, in the apparatus where the positions of the liquid 
crystal light valves are adjusted with the eccentric pins, the 
rotating direction of the eccentric pin and the moving 
direction of each liquid crystal light valve are not uniformly 
determined. Thus, the adjustment of movement to a desired 
direction is very difficult to do. In addition, the eccentric pins 
are not easy to machine. Moreover, E rings, nuts, and so 
forth are required to secure the eccentric pins. Consequently, 
the number of parts increases and the assembling work takes 
a long time, resulting in raising the production cost of the 
apparatus. 

On the other hand, so far, the conventional liquid crystal 
light valves are designed and produced for use in designated 
colors. In particular, the specifications of the liquid crystal 
light valves for forming a green image whose relative 
visibility is high are severe. In contrast the specifications of 
the liquid crystal light valve for forming a blue image whose 
specific visibility is low are comparatively Less severe. Thus, 
even if a liquid crystal light valve which can be satisfactorily 
used for blue color cannot be used for green color. 
Therefore, in this situation, this valve should be treated as an 
unacceptable item. Consequently, the yield of these liquid 
crystal light valves is low. thereby raising the production 
cost. 

In addition, the conventional projection type liquid crystal 
projector is provided with two fans which are an air intake 
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fan and an air exhaust fan as cooling means. With these fans, 
the interior of the apparatus is cooled. However, lacking 
sufficient analysis of the air flow paths and so forth, the 
spherical portion of a light source (metal halide lamp), an 
LTV and IR filter portion, polarizing plate, a liquid crystal 
panel, electric parts for an exhaust opening, electric devices, 
and so forth are not satisfactorily cooled. Thus, these con- 
structional parts are heated to temperatures close to their 
limit values. On the other hand, there are demands of 
brighter projectors of low-noise in the marketplace. 
However, the conventional cooling means cannot satisfy 
such demands. Unless the above-mentioned constructional 
parts are satisfactorily cooled, problems such as deteriorat- 
ing image quality and decreasing service life would take 
place. An increase of the size and weight of the projector is 
not permitted and, the conventional techniques have not 
satisfied such requirements. In particular, the light source is 
not satisfactorily cooled. 

SUMMARY OF THE INVENTION 

An object of the present invention is to enable a projection 
type liquid crystal projector to clearly display images and to 
provide a projector which is small in size, easy to adjust, and 
high in reliability. Another object of the present invention is 
to provide a projection type liquid crystal projector having 
high cooling efficiency by an arrangement of relevant con- 
structional parts, of small and thin construction, and excel- 
lent properties with respect to operability. durability, and 
maintainability. A further another object of the present 
invention is provide a projection type liquid crystal projector 
having a projection light source which is free of deteriora- 
tions of image quality such as deviations of intensity, colors, 
and picture elements (pixels) and a lighting unit having a 
long service life as the light source. 

The projection type liquid crystal projector according to 
the present invention comprises optical means, comprising a 
light source, a plurality of dichroic mirrors for separating 
white light emitted by the light source into beams of blue, 
green, and red colors, respective liquid crystal light valves 
for forming images of the beams of blue, green, and red 
colors so as to form optical paths, and a projection lens, 
wherein the optical means is characterized in that at a center 
portion of a chassis made of rigid members a first color type 
valve of the liquid crystal light valves for forming the blue, 
green, and red colors, second and third color type valves of 
the liquid crystal light valves being disposed at positions 
symmetrical to the first color valve, and wherein the pro- 
jection type liquid crystal projector further comprises an 
adjustment mechanism for mutually matching pixels of the 
second and third color valves with those of the first color 
valve. 

Thus, the positions and angles of the liquid crystal light 
valves can be easily and securely adjusted. In addition, the 
deviations of color images and out-of-f ocus condition can be 
prevented. Consequentiy, the quality of the projected images 
can be improved. 

The adjustment mechanism includes a plurality of mem- 
bers slidable relative to each other and provided with 
notches. Into these notches, a tool such as a screwdriver can 
be inserted so as to perform an adjustment operation. 

The chassis on which the liquid crystal light valves, 
mirrors, and so forth are fixed is made of a metal plate. The 
periphery of the chassis is formed by bending or drawing 
operations. 

In addition, the projection type liquid crystal projector 
according to the present invention comprises a white lamp, 
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dichroic minors for separating light of the white Tamp into 
beams of three colors of red. green, and blue, and liquid 
crystal light valves for transmitting the beams of three colors 
and for forming images, wherein a blue color type valves for 
forming a blue image of the liquid crystal light valves has 
the same construction as a green color type valve thereof so 
as to have compatibility with each other. 

Further, the projection type liquid crystal projector 
according to the present invention comprises a case sub- 
stantially of a rectangular parallelepiped shape, a base plate 
disposed in the case, a lamp housing unit having a projection 
light source, an optical unit, comprising image farming 
liquid crystal light valves, light mixing and separating 
mirrors, dichroic mirrors, prepolarizers. and a projection 
lens, the lamp housing unit and the optical unit being 
disposed on the base plate so that a main optical path and the 
outer shape is of a plane L shape, the projection lens facing 
a window of the front of the case, one end of the lamp 
housing unit facing a window of a lamp housing cover on a 
side of the case and the other an air exhaust opening in the 
rear of the case, a power unit and a lamp stabilizer disposed 
in a space surrounded by the plane L shape portion, the front 
and the side of the case, an air intake regulating plate 
disposed below the liquid crystal light valves, an air intake 
fan disposed below the air intake regulating plate, a video 
board disposed between a side of the case and the light guide 
unit a liquid crystal drive board unit disposed midway 
between the top of the case and the top of the light guide 
unit, an air exhaust fan disposed midway between the air 
exhaust opening in the rear of the case and the lamp housing 
unit, and a lamp fan disposed in front of a light emitting 
surface of the lamp housing unit 

Furthermore, as cooling means of the light source, the air 
exhaust fan disposed adjacent to the lamp housing and a 
small blowing lamp fan disposed adjacent to a reflector 
opening portion of the lamp reflector are provided. 

BRIEF DESCRIPTION OF DRAWINGS 

FIG. 1 is a schematic plan view showing optical paths and 
principal parts of an optical system in accordance with the 
present invention; 

FIG. 2 is a partial assembly sectional view showing a part 
of an adjustment mechanism far fixing and moving in the 
focus direction a liquid crystal light bulb in accordance with 
the present invention; 

FIG. 3 is a partial assembly plan view of FIG. 2; 

FIG. 4 is an assembly exploded view showing an adjust- 
ment mechanism for matching pixels of the liquid crystal 
light bulbs; 

FIG. 5 is a partial assembly exploded view showing a part 
of FIG. 4; 

FIG. 6 is a partial assembly exploded view showing the 
adjustment mechanism for fixing and moving in die focus 
direction the liquid crystal light bulbs, the mechanism being 
used for reference of matching the pixels; 

FIG. 7 is a perspective view showing a modified embodi- 
ment of an adjustment and operation mechanism portion; 

FIG. 8 is a detail view of FIG. 7; 

FIG. 9 is a plan view showing an application of the 
adjustment and operation mechanism portion; 

FIG. 10 is an exploded perspective view of a chassis and 
a cover; 

FIG. 11 is a perspective view showing the chassis; 
FIGS. 12 and 13 are plan views showing the compatibility 
of liquid crystal light bulbs; 
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FIG. 14 is a schematic assembly plan view showing the 
entire construction of the present invention; 

FIG. 15 is a sectional view showing an optical; 

FIG. 16 is a detail assembly plan view showing the optical 
unit; 

FIG. 17 is a plan view showing the case; 

FIG. 18 is a front view of the case; 

FIG. 19 is a rear view of the case; 

FIG. 20 is a bottom view of the case; 

FIG. 21 is a partial assembly plan view; 

FIG. 22 is a plan view showing parts of an air intake 
regulating plate of FIG. 14; 

FIG. 23 is a plan view showing parts of a lower light guide 
of FIG. 22; 

FIG. 24 is a rear view showing parts of the lower light 
guide; 

FIG. 25 is a side view showing parts of the lower light 
guide; 

FIG. 26 is a front view showing parts of the lower light 
guide; 

FIG. 27 is a sectional view showing parts of the lower 
light guide; 

FIG. 28 is an assembly plan view showing a lamp housing 
unit and portions adjacent thereto; 

FIG. 29 is an assembly left side view excluding the case; 

FIG. 30 is an assembly sectional view showing a lamp 
coyer and portions adjacent thereto; 

FIG. 31 is an assembly plan view showing a lamp fan 
block; 

FIG. 32 is an assembly plan view showing the lamp fan 
block; 

FIG. 33 is a front view showing window frame parts; 

FIG. 34 is an assembly sectional view showing the lamp 
housing unit and portions adjacent thereto; 

FIG. 35 is an assembly rear view showing the lamp 
housing unit and the portions adjacent thereto; 

FIG. 36 is an assembly side view showing the lamp 
housing unit and the portions adjacent thereto; 

FIG. 37 is an assembly sectional side view showing an 
inner housing; 

FIG. 38 is an assembly sectional front view showing the 
inner housing; 

FIG. 39 is an assembly front view showing the inner 
housing; 

FIG. 40 is an assembly left side view showing the inner 
housing; 

FIG. 41 is an assembly front view snowing the inner 
housing; . 

FIG. 42 is a left side view showing outer housing parts; 
FIG. 43 is an assembly right side view showing the outer 
housing parts; 

FIG. 44 is a plan view showing the outer housing parts; 
FIG. 45 is a front view showing inner housing parts; 
FIG. 46 is a side view showing lamp connector plate 
parts; 

FIG. 47 is a plan view showing the lamp connector plate 
parts; 

FIG. 48 is a circuit block diagram of a lamp fan; 
FIG. 49 is a circuit block diagram of a lamp fan; 
FIG. 50 is a plan view of an air intake regulating plate; 
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FIG. 51 is a plan view of an air intake regulating plate; 

FIG. 52 is a bottom view showing a case; 

FIG. 53 is a rear view showing the case; 

FIG. 54 is a bottom view showing the case; 

FIG. 55 is a rear view showing the case; 

FIG. 56(a) to (d) are schematic diagrams showing test 
results of iso-speed distribution of an air intake fan; 

FIG. 57 is a perspective front view showing the construc- 
tion of a lighting unit including a cooling means of a lamp- 
and 

rc®' 58 * a P^sP^ave side view showing the lighting 

T) P DETAILED DESCRIPTION OF EMBODIMENTS 

iS ^ OFTHE INVENTION 

FIG. 1 is a schematic plan view showing an optical system 
of an embodiment according to the present invention. Ref- 
erence numeral 1 is a light source. Reference numeral 2 is 
a blue dichroic mirror which reflects blue light and allows 
other colors of light to pass through (hereinafter, this jnirror 
is referred to as BJXM). Reference numerals 3a and 3b are 
red dichroic mirrors which reflect red light and allows other 
colors of light to pass through (hereinafter these mirrors are 
referred to as R.D.M.). Reference numerals 4a and 4b are 
reflection mirrors. Reference numeral 5 is a dichroic mirror 
which allows green light to pass through reflects other 
colors of light, and mixes red, green, and blue colors of light 
(hereinafter, this mirror is referred to as a mixing mirror) 
Reference numerals 6a. 6b, and 6c are condenser lenses.' 
Reference numeral la is a liquid crystal light valve for 
forming an image of blue light Likewise, reference numer- 
als 7b and 7c are liquid crystal light valve for fcrrning 
images of red and green colors of light, respectively. Ref- 
erence numeral 8 is a chassis for holding and fixing the 
above-mentioned parts. Reference numeral 9 is a projection 
leas. The above-mentioned parts 2. 3a, 3b, 4a, 4b. 5, 6a. 6b. 
6c. 7a, 7b. 7c, which are fixed and held with the chassis 8, 
form an optical m^gy 

Now, the path of light in the optical means wffl be 
described. The light source 1 generates white light lw. The 
B.D.M. 2 reflects only the rays in the wavelength range of 
Woe, namely blue color lb of light and the other rays of 
Hght in other wavelength ranges (yellow light) to pass 
through. The RJXM. 3a only reflects rays having a wave- 
length range of red 1R of the light 1Y and allows the 
remaining green rays 1G to pass through. The beam of rays 
1G is condensed by the condenser lens 6c and then an image 
_ u f onned thereby as a beam lg. The beam Ig is reflected 

1 ) 7 / / 13 ^ ® eam l me ^flection mirror 4b. Thereafter, the beam 1g 
ptwes through the mixing mirror 5. Then, the beam 1* is 
projected onto a screen by the projection lens 9. The blue 
beam IB is reflected by the reflection mirror 4a, Then, the 

T?Lil y !? £ as ?f to™** me condenser lens 6a. 
thereafter the liquid crystal Hght valve 7a forms an image 
a* a ray lb. Then, the ray lb passes through the R.D.M. 3b 
and comes to the mixing mirror 5. Likewise, the red ray 1R 
7 / 7 / / n ~z * thC C0Qdcnscr tens 6b and comes to the liquid 

- / / / / 3 crystal light valve 7b. Then, the liquid crystal light valve fbulbj lb 

T Hi n-R o^T im * 8C a ny lr ^ ray 1^ reflec^with the 

P R D M 3b 31x1 men comes to the mixing mirror 5 (S) The 

^L^T* 5 «ys lb and lr mixes Se rays of 

three primary colors 1*, lb, and Iras a displayabie mcrure. 

Tb J^t a *? reaatcd ^ *e liquid crystal light valve 
7b disposed in the middle position of the optical SI 
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be used for the red ray of light, the liquid crystal light valve 
la for green ray of light and the liquid crystal light valve 7c 
for blue ray of light Since each dichroic mirror disposed in 
the optical path has an inclination to the optical axis, 
different optical paths take place. Thus, in this construction, 
singe green ray having high relative visibility is not used, 
astigmatism and thereby unsharpness can be prevented. 

To clearly display a picture, it is necessary to mix the rays 
lg. lb, and Ir in such a way that their mutual positions do 
not deviate. Thus, the mutual pixel positions of the liquid 
crystal light valves 7a, 7b, and 7c should be accurately 
matched each other. In addition, these pixel positions should 
be precisely matched with the back-focus position of the 
projection lens 9. FIG. 4 is a perspective view showing an 
example of a fixing and adjusting mechanism of the liquid 
crystal light valve 7a. As shown in the figure, the liquid 
crystal light valve 7a is mounted on a circuit board 10. The 
board 10 is fixed to Z shaped bend portions (four positions) 
disposed on a fixing plate 11 with screws 13. One side of the 
fixing plate 11 is positioned with an oval hole \lb and a 
dowel 12a formed on a fixing plate 12. In addition, a screw 
14 pivoted with a bend portion 12b on the fixing plate 12 is 
connected to a bend portion 11c of the fixing plate 11. Thus, 
the fixing plate 11 is laterally slidably supported with the 
fixing plate 12. The fixing plate 11 and the fixing plate 12 are 
fixed with screws 15 (two positions) through spring washers 
16. In the center of the fixing plate 12, an opening portion 
12a is formed. About the center of the opening portion 12c, 
arc shape holes 12a* (three positions) are formed as outer 
concentric circles. Dowels 19a (three positions) formed on 
the fixing plate 19 are positioned and guided in the holes 
124. In addition, an eccentric pin 17 connected to an oval 
hole 12* formed on the fixing plate 12 and rotatably secured 
with a washer 18 is pivotally supported in a hole 19b formed 
on the fixing plate 19. Thus, the rotation of the fixing plate 
12 can be adjusted by the amount of eccentricity for which 
the eccentric pin 17 is rotated. In addition, a washer 20 
connected to (the rear of) a dowel on the fixing plate 19 is 
fixed to a screw hole 12f formed on the fixing plate 12 with 
a screw 22 which pierces a deformed hole 19d formed on the 
fixing plate 19 through a spring washer 21. Thus, the fixing 
plate 12 and the fixing plate 19 can be fixed. A notch 19/ at 
a lower portion of an opening portion I9e formed in the 
center of the fixing plate 19 is connected to a dowel 23a 
formed on a fixing plate 23. Thus, one side of the fixing plate 
19 is positioned and guided to the fixing plate 23. On the 
other hand, a screw 24 pivotally supported with a bend 
portion 19g of the fixing plate 19 is connected to a screw 
hole 23c formed on a bend portion 23b over the fixing plate 
23. Thus, the fixing plate 19 is positioned and guided relative 
to the fixing plate 23 so that the longitudinal position of the 
liquid crystal light valve 7a can be adjusted. The fixing plate 
19 is fixed in such a way that screws 25 (two positions) 
which pierce respective oval holes 23d (two positions) 
formed on the fixing plate 23 are connected to screw holes 
19/ (two positions) formed on the fixing plate 19 through 
respective spring washers 26 (two positions). 

In the above-mentioned construction, by moving pixels of 
the liquid crystal light valve 7a in the horizontal, vertical, 
and rotational directions, these pixels can be matched with 
those of the liquid crystal light valves 7b. In addition, to 
more securely fix the liquid crystal light valve 7a, screws 27 
(two positions) which pierce respective oval holes lid (two 
positions) formed on the fixing plate 11, respective oval 
holes 12g (two positions) formed on the fixing plate 12. 
respective oval holes \9h formed on the fixing plate 19 (two 
positions) are connected to respective screw holes 23* (two 
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positions) formed on the fixing plate 23 through resoectiv* 
spnng washers 28 (two posidons). By contrS7hS? 
enmg torque of the screws 21. they allow the n^VDlate 11 

feed to the fcung plate 23 by the use of a resiUen?force of 

% Tn^^^L 28 - ThUS * SincC ^ Plates ii CC ll 
19 and 23 can be temporarily fixed to each other by 
factional forces, mutual displacements thereof can be pre- 
vented dunng an adjustment operation. After the adjustment 
mechanism has been mounted, the screws 27 are present at 
unaccessibie positions (see FIG. 2). Thus, the pernianent 
tightening operation can be omitted. Likewise, since the 
spnng washers 16. 21. and 26 allow the position of the liquid 
crystal light valve la to be adjusted, when the above- 
mentioned screws and so forth are tightened, the resilient 
forces of these spring washers 16, 21, and 26 prevent the 
mechanism from being displaced. 

In the above-mentioned adjustment mechanism, the fixina 
plate 11 the fixing plate 12. the fixing plate 19. andthe 
nxwg plate 23 have the same center dimensions in their 
outo shapes (in left and right directions). Thus, by assem- 
bling these fixing plates 11, 1Z 19, and 23 in such a way that 
these outer shapes are matched, a position accuracy without 
a significant deviation to die desired center can be obtained, 
to addition, by providing a means for forming a gap between 
each connecting surface of the fixing plates 11. 12, 19. and 
£*' m f SfP Prevents warping, distortion and so forth of parts 
trom badly affecting the liquid crystal light valve la. 
N«t a mechanism for fixing and adjusting the position of 
1 i / * I 13 Vl Wi& cr ystal light valve fbulbl la on the chassis 8 will be 

described in detaiL FIG. 2 is a schematic assembly sectional 
view showing a part of the adjustment mechanism in the 
above-mentioned construction. FIG. 3 is a schematic assem- 
bly plan view of FIG. 2. As shown in FIGS. 1, 2, and 4, an 
upper fixing auxiliary plate 29 is pivotally guided on a bend 
portion 23* over the fixing plate 23 in such a way that a 
dowel 2y formed on the bend portion 236 can be rotated. Ib 
addition, the upper fixing auxiliary plate 29 is connected to 
an eccentric pin 36 which is rotatabiy secured to the bend 
portion 23b. Thereafter, the upper fixing auxiliary plate 29 is 
temporarily fixed to the bend portion 236 with screws 31 
posi tions). The upper fixing auxiliary plate 29 is 
temporarily fixed to an upper chassis 9a with screws 32 
through screw holes 29a (two positions) formed on the 
upper fixing auxiliary plate 29. A dowel 29c formed on the 
upper fixing auxiliary plate 29 is connected in an oval hole 
(not shown in the figure) on the upper chassis plate 8a. In 
addition, a screw 33 pivotally held with a bend portion 8c 
formed on the upper chassis plate 8a is connected to a bead 
portion formed on the upper fixing auxiliary plate 29 with a 
screw. Thus, the mechanism can adjust the focus direction of 
_ the liquid crystal light valve la. Since the eccentric pin 3# 

can be adjusted from an opening portion (not shown in the 
figure) formed on the upper chassis plate 8a. Thus, the 
amount of angular deviation in the direction perpendicular to 
the optical axis of the liquid crystal light valve la can be 
adjusted. After the above-mentioned two adjustment opera- 
tions are completed, by permanently tightening the screws 
31 and 32, the upper direction of the adjustment mechanism 
is fixed. 

Next with reference to FIGS. 2, 4. and 5 (FIG. 5 is a 
perspective view seen in the direction of the arrow in FIG. 
4). the adjustment and fixing of the adjustment mechanism 
in the lower direction will be described. Dowels Sd (two 
positions) and an eccentric pin 35 are rotatabiy secured to a 
lower chassis plate to. The dowels 8d and the eccentric pin 
35 allow the lower fixing auxiliary plate 34 to be positioned. 
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A bend portion 23g formed on the Axing plate 23 is guided 
with a dowel 34a and mounted to the auxiliary plate 34. With 
screws 36 (two positions), the lower fixing auxiliary plate 34 
and the bend portion 23g are temporarily fixed. In addition, 
with screws 37 (two positions), the lower fixing auxiliary 
plate 34 and the lower chassis plate 86 are temporarily fixed. 
The focus adjustment in the lower direction is performed in 
accordance with the mount of eccentricity of the eccentric 
pin 35. Thereafter, the screws 37 (two positions) are per- 
manently tightened. After the angle adjustment in the plane 
direction to the upper optical axis is completed, the screws 
36 are permanently tightened along with the screws 31. 
Obviously, the plane positions of the dowels 23/ and 34a 
have been matched to each other in the reference dimen- 
sions. In addition, screwdriver access holes for tightening 
the screws 36 and 37 and rotating the eccentric pin 35 are 
formed on the bend portion 236 of the fixing plate 23 and the 
upper fixing auxiliary plate 29 (this part will be described 
later in detail). 

Next, as shown in FIG. 3. pixels in the horizontal direc- 
tion can be adjusted from a side direction of the chassis with 
a screwdriver because the screw 14 is disposed at the 
opening portion formed on a side of the chassis 8. As 
described above, the adjustment of deviation of pixels in the 
vertical, horizontal, and rotational directions is performed in 
the adjustment mechanism. The deviation of plane angle 
between the focus direction (including the vertical direction) 
and the direction of the optical axis is adjusted with fixing 
portions for fixing the adjustment mechanism and the chas- 
sis. 

The liquid crystal light valve 7c is disposed such that light 
valves 7c and 7a are symmetrical with respect to the liquid 
crystal light valve 7b. 

Next, a supporting and fixing mechanism of the liquid 
crystal light valve 7b disposed at a center portion of the 
chassis 8 will be described. When the liquid crystal light 
valve 7b can be disposed within the depth of focus of the 
projection lens 9, the lack of sharpness of pixels projected on 
the screen does not affect the visibility by human eyes. 
However, in the cases of the mounting of the liquid crystal 
light valve 7b and the construction of this embodiment, 
where the chassis 8 is made of metal plates and so forth, due 
to the overall effects of the tolerances involved in the 
constructional elements and the machining tolerances, the 
position of the liquid crystal light valve 7b is not always 
placed in the range of the above-mentioned allowable depth 
of focus. Thus, the adjustment mechanism for allowing the 
focus direction to be adjusted is required. An example of this 
mechanism will be described with reference to FIG. 6. As 
shown in FIG. 6, in an adjustment mechanism for adjusting 
the upper direction of the liquid crystal light valve 7b. the 
y§!yg P^bJ 7b is mounted on a circuit board 41 which is fixed to 
convex portions (four positions) formed on a fixing plate 42 
with screws 4$ (four positions). In addition, a lower fixing 
auxiliary plate 44 is positioned and guided to the lower 
chassis plate 8b with dowels 8e (two positions) formed on 
the lower chassis plate 86 and an eccentric pin 43 rotatabiy 
secured to the lower chassis plate 86. The lower fixing 
auxiliary plate 44 is temporarily fixed with screws 49 (two 
positions). A dowel 44a provided on the lower fixing aux- 
iliary plate 44 is rotatabiy connected in a hole 42c formed in 
the center of a bend portion 426 formed on the fixing plate 
42. Thereafter, the fixing plate 42 and the fixing auxiliary 
plate 44 are temporarily fixed with screws 45 (two 
positions). The fixing auxiliary plate 47 which is pivoted 
with a dowel 42* at a center portion of a bend portion 424 
formed over the fixing plate 42 and which is positioned and 
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guided with an eccentric pin 46 rotatably secured to a hole 
42/ is temporarily fixed with a screw 50. Dowels 47a (two 
positions) disposed on the upper fixing auxiliary plate 47 
and an eccentric pin 48 rotatably secured are positioned and 
guided in oval holes 8/(two positions) and Sg (one position) 
formed on the upper chassis plate 8a. Then, the upper fixing 
auxiliary plate 47 is temporarily fixed to the upper chassis 
plate 8a with screws 51 (three positions). Of course, the 
upper chassis plate 8a has screwdriver access holes (see 
FIG. 7) so that screws and so forth mounted below the upper 
chassis plate 8a can be mounted and removed. In the focus 
adjustment operation, the upper direction of the focus is 
adjusted by the mount of eccentricity of the eccentric pin 48. 
Likewise, the lower direction of the focus is adjusted by the 
amount of eccentricity of the eccentric pin 43. In addition, 
the angular deviation in the plane direction to the optical axis 
is adjusted by the amount of eccentricity of the eccentric pin 
46. After the above-mentioned adjustment operations are 
complete the screws 49. 45, 50, and 51 are permanently 
tightened so as to securely fix the adjustment mechanism. 
Thus, all the adjustment operations of this mechanism can be 
performed. If the position of the liquid crystal light valve 7b 
were in the allowable range of depth of focus of the 
backfocus of the projection lens by means of simplified 
mount construction of the liquid crystal light valve 7b or 
improved machining accuracy thereof, the above-mentioned 
adjustment mechanism could be omitted. 

As described above, since the angular deviation in the 
plane direction to the optical axis is adjusted only in the 
direction of the chassis plate 8a, the adjustment operation 
and the mechanism thereof arc simplified. In addition* by 
horizontally forming a 90° bend portion (not shown in the 
figure) at an end of each of the fixing plate 23 and the fixing 
plate 42, along with the reinforcement of their fixing plates 
and the improvement of the surface accuracy thereof, dis- 
turbing light can be effectively prevented. In addition, when 
the bend portions 236. 23$, 42*, and 42a* formed on the 
fixing plate 23 and the fixing plate 42 fixed between the 
chassis plates 8a and 8b are fixed with screws, errors of the 
bend angles of the bend portions become bending moments. 
These bending moments are applied to these chassis plates. 
To suppress this bad influence applied to the liquid crystal 
light valves 7a and 7b and the deviation of the adjustment 
mechanism, at the base of each bend portion, an opening 
portion is formed so as to reduce the amount of bending. 

In particular, since the chassis plates 8a and 8b t the fixing 
plates 11, 12, 19, 23, and 42, the upper fixing auxiliary plates 
29 and 47, the lower fixing auxiliary plates 34, and 44, and 
so forth are made of the same material such as steel parts, 
they have the same coefficient of linear expansion. Thus, the 
parts of the adjustment mechanism uniquely expand and 
shrink. 

In addition, the position accuracy of the positioning holes 
and dowels on the chassis 8 for use with the fixing mecha- 
nisms of the mirrors and, the liquid crystal light valves is of 
the order of approximately 10 microns. Moreover, a simple 
construction is used in such a way that the liquid crystal light 
valves are directly fixed to the fixing plate 23. Further, the 
allowable depth of focus of the backfocus of the projection 
lens 9 can be reduced to approximately 200 microns or less. 
Furthermore, when the size of the liquid crystal light valves 
is of approximately 3 inches and the number of pixels 
thereof is of the order of approximately 100.000, a construc- 
tion which does not require the adjustment in the focus 
direction can be satisfactorily accomplished. In addition, 
when the amount of deviation of pixels in the horizontal and 
vertical directions is approximately ¥» to Vs times the amount 
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of the related art, a construction which does not require the 
matching of pixels can be also accomplished. 

As described above, according to the above-mentioned 
construction, with reference to pixels of a first liquid crystal 
light valve disposed in the center of the chassis, pixels of a 
second liquid crystal light valve disposed point- 
symmetrically to the first liquid crystal light valve are 
adjusted. Thus, the mechanism for fixing the liquid crystal 
light valve disposed in the center of the chassis can be 
constructed simply and in a small size. Therefore, an optical 
system with a short optical path can be designed. 
Consequently, this construction can contribute to reducing 
the size of the optical system, namely, the size of the final 
product. 

In addition, since the position adjustment operation of the 
liquid crystal light valve disposed in the center of the chassis 
can be performed from the top thereof, the disability of 
adjustment from the side thereof due to the constructional 
restriction can be compensated. Moreover, since the adjust- 
ment operation of the liquid crystal light valves disposed 
rx)int- symmetrically to another valve is available from the 
top and the side, the number of operation steps can be 
reduced. Furthermore, since the adjustment operation from 
the side can be performed by using a simple adjustment jig 
in the final product state where the optical apparatus is 
mounted in a real machine, the adjustment quality is 
improved. 

Since the shapes of the parts of the fixing and adjustment 
mechanism of the liquid crystal light valves disposed point- 
symmetrically can be formed symmetrically to those of the 
valve disposed in the center of the chassis, the number of 
design and machining steps can be reduced. 

In addition, since the constructional parts of the adjust- 
ment mechanism can be assembled in accordance with their 
outer shapes, the assembled adjustment mechanism can have 
the nearly designed accuracy. Thus, the adjustment opera- 
tion can be easily estimated and the number of working steps 
can be reduced. Moreover, by the accomplishment of the 
construction in a small size, the projection lens and the 
mirrors can have high cost performance. In addition, the 
construction in the small size contributes to decreasing the 
size of the final product and reducing the costs of the 
apparatus and the final product 

Since the liquid crystal light valves and polarizing plates 
(not shown in die figure) are exposed to strong light, they 
become hot To maintain the performance of these parts, a 
forced cooling mechanism is required. To accomplish this 
mechanism, a fan 60 for drawing outside air is disposed 
below the chassis 86 (see FIG. 1). To equally cool the liquid 
crystal light valves and the polarizing plates, the center 
portion of the fan 60 should be disposed in the vicinity of the 
liquid crystal light valve 7b disposed at the center portion of 
the chassis 8b. However, since a motor is disposed at the 
center portion of the fan, the amount of air blown is low. To 
improve the air blown capacity, the amount of air blow is 
adjusted by using a regulating plate. However, in the present 
invention, since the fixing mechanism of the liquid crystal 
light valve 7b disposed at the center portion of the chassis is 
simplified, the fluid resistance is decreased. Thus, without a 
particular regulating means, the fixing mechanism of the 
liquid crystal light valve 7b contributes to the improvement 
of the cooling efficiency. 

Since the constructional parts of the optical apparatus are 
made of the same material, they equally expand and shrink 
for temperature changes. Thus, the deviation of positions in 
the adjustment mechanism can be suppressed. In other 
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words, since the deviation of pixels between the liquid 
crystal light valves are suppressed, the quality and accuracy 
of the pictures can be improved. 

As described in the last part of the above-mentioned 
embodiment, when light incident on the projection lens 9 
causes red and green rays to be reflected by a mixing mirror, 
the adjustment accuracy of matching pixels of the liquid 
crystal light valve 7b for red with those of the liquid crystal 
light valve 7a for green can be improved in a relatively small 
number of adjustment steps. When light enters the projection 
lens, since red and green rays are reflected on the same 
surface of the mixing mirror 5. the amount of deviation of 
the optical axis due to the deviation of position of the mixing 
mirror 5 for the red rays is the same as that of the green rays. 
Thus, the amount of deviation of the red and green rays is 
equal to the amount of deviation due to the deviation of 
position of the RJ>.M. 3b and the amount of deviation 
between the mutual positions of the liquid crystal light 
valves 7a and 7b. Consequently, the amount of deviation 
becomes small. In addition, since the pixels of the liquid 
crystal light valve la can be stably matched with those of the 
liquid crystal light valve 76. they can be adjusted in a small 
number of adjustment steps. On the other hand, with respect 
to the blue rays, in addition to the amount of deviation of the 
optical axis due to the deviation of position of the mixing 
mirror 5. the deviation of die optical axis due to the deviation 
of position of the reflection mirror 4b and the amount of 
deviation between the mutual positions of the liquid crystal 
light valve 7b and 7c are added. Thus, the number of 
adjustment steps increases in accordance with the amount of 
deviation. However, since the relative visibility of the bine 
rays is low, even if there is still a minor error to adjust, the 
error does not affect the picture quality. 

In addition to setting the sizes of the liquid crystal light 
valves, the number of pixels, and the allowable depth of 
focus of the projection lens, when the irnprovement of the 
rnachining accuracy of parts and the simplification of the 
fixing mechanisms of the liquid crystal light valves are 
accomplished, the construction which does not require the 
adjustment of the focus direction with respect to the position 
of the liquid crystal light valve disposed at the center portion 
of the chassis can be accomplished. Alternatively, the con- 
struction which requires only the adjustment for placing the 
liquid crystal light valve to a position perpendicular to the 
optical axis can be accomplished. Thus, the mechanism can 
be further simplified. In addition, the construction which 
does not require the adjustment of matching pixels can be 
accomplished. Consequently, such a construction allows the 
cost reduction including the reduction of the number of 
production steps and parts. Thus, the present invention 
contributes to reducing the cost of products which were 
expensive. 

FIGS. 7 and 9 show a practical example of an adjustment 
and operation rnechanism which can be adjusted with a 
screwdriver. These figures present a light valve mounting 
surface where the liquid crystal light valve is mounted and 
adjustment positions of the light valve are obtained. 

As shown in FIG. 7 which presents an embodiment of the 
adjustment and operation mechanism, a liquid crystal light 
valve is mounted on a light valve board 50. The light valve [bulb] 
board 50 is fixed to a light valve fixing plate 51 with screws. 
A dowel 51a of the light valve fixing plate 51 is rotatabiy 
guided by a lower adjustment plate 52. A dowel Sib of the 
light valve fixing plate 51 is rotatabiy guided by an upper 
adjustment plate 53. The light valve fixing plate 51 is fixed 
to the lower adjustment plate 52 with screws. The lower 
adjustment plate 52 is sHdably connected to the lower light 
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guide 54 with oval holes 52a and dowels 54a formed 
thereon. The lower adjustment plate 52 is fixed to the lower 
light guide 54 with screws. The upper adjustment plate 53 is 
slidably connected to an upper light guide 55 with an oval 
hole 53a and a dowel 55a. The upper adjustment plate 53 is 
connected to the upper light guide 55 with screws. The lower 
light guide 54 and the upper light guide 55 are spaced apart 
by columns 56. The lower light guide 54 and the upper light 
guide 55 are fixed to the column 56 with screws. 

The upper adjustment plate 53 has a notch 536. The upper 
light guide 55 opposed to the notch 536 has a hole S5b which 
the same shape as the notch 536. A space formed with the 
notch S3b and the hole SSb has a shape where the rip of the 
screwdriver D can be inserted regardless of the position of 
the upper adjustment plate 53 in its allowable slidable range. 
FIG. 8 shows a detail of the shapes of the notch and hole, By 
loosening a screw which fixes the upper adjustment plate 53 
and the upper light guide 55 and rotating the tip of screw- 
q drivcr D inserted into the space between the notch 536 and 

mc "Ok 556. the upper adjustment plate 53 is guided and slid 
^ the oval hole 53a and the dowel 55a. Thus, an upper 

y portion of the light valve fixing plate 51 rotatably guided 

Ul with the upper adjustment plate 53 approach or goes away 

f = i fr° m *e projection lens 57. The direction in which the light 

valve fixing plate 51 moves corresponds with the direction 
y i that the screwdriver D rotates. 

^ Likewise, by loosening a screw which fixes the lower 

W light guide 54 and the lower adjustment plate 52 and rotating 

g the tip of the screwdriver inserted into the space between & 

« ootcn 526 and a hole 546, the lower adjustment plate 52 is 

guided and slid with the oval hole 52a and the dowel 54a. 
Thus, a lower portion of the Ught valve fixing plate 51 
rotatably guided with the lower adjustment plate 52 
approaches and goes away from the projection lens 57. 

The light valve fixing place 51 has a notch 51c. The lower 
adjustment plate 52 opposed to the notch 51c has a hole 52c 
which has the same shape as the notch 51c. By loosening a 
X 111/13 screw which *«« «he light valve [bulb] fixing plate 51 and the lower 

adjustment plate 52 and rotating the tip of the screwdriver 
inserted into the space between the notch 51 and the hole 
52c. the light valve fixing plate 51 rotates about a line which 
passes through the dowel 51a and the dowel 516. At this 
point the direction in which the driver rotates corresponds 
with the direction that the light valve fixing plate 51 rotates. 

In the above-mentioned construction, only by removing 
the screws which fix the upper adjustment plate 53 and the 
light valve fixing plate 51, the adjustment mechanism can be 
dismounted from the light guide. Thus, the workability in the 
assembling process and after-service is very high. 
— * shows an example where the combination of the 

above-mentioned notch and hole is used for an ali gnmen t 
adjustment mechanism of a three-plate projection type liquid 
crystal projector. In the three-plate liquid crystal projection 
apparatus, to match the apparent positions of the three R. G. 
and B liquid crystal panels, the apparent positions of at least 
two liquid crystal panels should be adjusted in the 
horizontal, rotational, and vertical direction*. In an example 
shown in FIG. 9. a horizontal adjustment plate 58 has a 
plurality of notches so as to widen the adjustment range. By 
forming holes with the same shape as the notches on the 
rotation adjustment plate 59. adjustment portion can be 
disposed at any positions of the rotation adjustment plate 59 
rather than the notches disposed on the periphery thereof. 
Thus, the de^ee of freedom can be improved in Si g nin g 
the rotation adjustment plate 59. In FIG. 9. reference 
numeral 66 is a vertical adjustment plate. 



13 



13 

Consequently, in the above-mentioned construction the 
position of the light valve can be adjusted with a minimum 
number of parts. In addition, since the tip of screwdriver fits 
in the space between the notch and the hole, the screwdriver 
does not fall during the adjustment work. Moreover, since 
the direction in which the screwdriver rotates corresponds to 
the direction in which the light valve moves, the adjustment 
can be easily performed. 

By applying the above-mentioned adjustment and opera- 
tion mechanism to the matching of pixels of the liquid 
crystal light valves 7a, lb, and 7c. the mechanism can be 
simplified. 

As described above, in the projection type liquid crystal 
projector, light of a white light source is separated into rays 
of three colors of red, green, and blue with dichroic mirrors. 
Thereafter, the rays of these colors enter liquid crystal 
panels. Next, these rays are mixed by dichroic mirrors. Then, 
the mixed rays are projected onto a screen by a projection 
lens. Thus, if the accuracies of the positions and angles of the 
dichroic mirrors (B.D.M.) and the reflection mirrors 4a and 
4b are low, the optical axis of each color deviates from 
positions of a accurate color and irregular coloration takes 
place in the composed picture (hereinafter, this situation is 
referred to as unevenness of colors). Moreover, in this 
situation, images projected from the panels also deviate 
from matched or aligned positions (hereinafter, this situation 
is referred to as deviation of pixels). 

In this embodiment, since the lower chassis plate 86. 
which mounts the dichroic mirrors, reflection mirrors, and so 
forth, is made of a metal plate, the production cost of the 
lower chassis plate 8b is low. In addition, the accuracy of the 
metal mold is very high. Thus, the lower chassis plate Sb can 
be quantitatively produced with high accuracies of positions 
and angles of part mounting holes. In other words, since 
there is no deviation of each color, the optical system units 
free of unevenness of colors and deviation of pixels can be 
quantitatively produced. The design of the units can be 
easily changed by slightly modifying the design of the metal 
mold. 

If a liquid crystal projector were constructed in such a way 
that the optical system unit which mounts the dichroic 
mirrors, reflection mirrors, and so forth, is fixed to an outer 
case with screws, the lower chassis plate would be exposed 
to an excessive force. Thus, the positions and angles of the 
dichroic mirrors, reflection mirrors, and so forth, which are 
mounted on the lower chassis plate, would deviate. Thereby, 
the optical axes in the optical system unit would deviate, 
resulting in occurrences of unevenness of colors and devia- 
tion of pixels. However, in this embodiment, the periphery 
of the lower chassis plate is processed by a bending 
operation, the adjacent portion being processed by spot 
welds 8/. the resultant plate being formed in a box shape by 
drawing or the like. Thus, the strength of the lower chassis 
plate can be maintained, thereby preventing the positions 
and angles of the dichroic mirrors, reflection mirrors, and so 
forth from deviating. Consequently, the strength of the 
optical system unit can be maintained, so that unevenness of 
colors and deviation of pixels can be prevented. When the 
lower chassis plate is fixed to the outer case and other board 
at three points in the vicinity of the beam mixing portion or 
in the vicinity of the separating portion, the forge applied to 
the lower chassis plate can be decreased. This is because 
there are many vent openings on the cooling upper and lower 
chassis plates in the vicinity of the liquid crystal light valve. 
Thus, the strength of these portions is high. When the lower 
chassis plate is fixed to a portion with a high strength in the 
region between the lamp to the liquid crystal light valve or 
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the region between the liquid crystal light valve and the 
reflection lens, of the tower chassis plate can be made flat. 
On the other hand, the mounting portion of the projection 
lens is oot in a box shape. Thus, the strength of this portion 
is low. However, by placing the upper chassis plate 8a on the 
lower chassis plate in the same box shape as the upper 
chassis plate, the relevant strength can be kept. As described 
above, this embodiment is suitable for quantitatively pro- 
ducing liquid crystal video projectors which can project 
beautiful pictures. 

Next, with reference to FIGS. 10 and 11. an embodiment 
of the liquid crystal video projector will be described- FIG. 
10 is a perspective view showing a lower chassis of the 
optical system unit of the liquid crystal projector according 
to the present invention. The lower chassis plate Sb is made 
of metai The periphery of the lower chassis plate Sb is bent 
or drawn so that the lower chassis plate 8* is formed in a box 
shape. The lower chassis plate Sb has mounting holes Sh. 
Fixing frames which fix the dichroic mirrors, reflection 
mirrors, and so forth are mounted and fixed to these holes. 
Since the lower chassis plate Sb is made of metal, its 
production cost is low. In addition, by slightly modifying the 
shape of the metal mold of the lower chassis plate Sb. the 
design of the lower chassis plate Sb can be changed wholly 
or partially. Moreover, since the lower chassis plate Sb is 
constructed in the box shape by bending or drawing the 
strength thereof is maintained. Thus, when the lower chassis 
plate Sb is fixed to an outer case of a liquid crystal video 
projector with screws, even if an excessive force is applied 
to the lower chassis plate Sb. the positions and angles of the 
part mounting holes thereof would not deviate. 

Thus, deviations of positions and angles of the reflection 
mirrors, which have been known as a cause of unevenness 
of colors and deviation of pixels, can be solved and thereby 
more beautiful pictures can be projected. 

Li a liquid crystal video projector shown in FIG. 12, light 
from a white light source is separated into rays of three 
colors of red, green, and blue with separating dichroic 
mirrors 2 and 3a. The rays of separated colors enter liquid 
crystal light valves 7b, 7a, and 7c. Thereafter, the rays of 
separated colors are mixed by mixing dichroic mirrors 3b 
and 5. Next, the mixed rays are projected onto a screen by 
a projection lens 9. 

In this case, if any liquid crystal light valve has a point 
defect, a portion of the relevant color of red, green, and blue 
may not always be fit. Thus, the color of this portion 
changes. This point detect is not significant at the periphery 
of the screen, but it is in the center. In addition, the point 
defect of blue color whose relative visibility is low is not 
significant, while that of green color whose relative visibility 
is high is significant. Thus, the liquid crystal light valve for 
green requires higher precision than that for blue. In other 
words, if the high specifications were maintained, the yield 
of the liquid crystal light valve for green would be lower 
than that of the liquid crystal light valve for blue. 

To prevent this disadvantage, when the liquid crystal light 
valve for green is of the same construction as that for blue, 
that is, both the liquid crystal light valves have compatibility 
to each other, the better one can be used for green so as to 
decrease significant green point defects. In a quantitative 
production stage, liquid crystal light valve which are not 
suitable for green can be sometimes used for those for blue. 
Thus, when the liquid crystal light valves for green are used 
for those for blue, the yield thereof can be improved. In 
addition, since the number of types of liquid crystal light 
valves to be designed and produced is reduced from three to 
two, the cost thereof can be decreased. 
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In a liquid crystal video projector shown Id FIG. 13. light 
from a white light source is separated into rays of three 
colors of red. green, and blue with separating dichroic 

T III 173 mirr0r5 2 and J§ P»l- The rays of separated colors enter liquid 

crystal light valves 76, 7a. and 7c. Thereafter, the rays of 
separated colors are mixed by mixing dichroic mirrors 3* 
and 5. The mixed rays are projected onto a screen by a 
projection lens 9. However, the liquid crystal light valves are 
susceptible to heat. When these liquid crystal light valves are 
exposed to strong light the temperature thereof rises and 
thereby accelerating the deterioration thereof. To solve this 
problem, a cooling fan 66 mounted in the vicinity of the 
liquid crystal light valves is rotated so as to generate wind. 
This wind cools the liquid crystal light valves so as to 
prevent them from deteriorating. 

Id this embodiment the red color type liquid crystal light 
valve 7b « disposed midway between the green color type 
J ' 7 / 11 3 Iiquid CrystaJ v *ive 7a and the ^ [red] color type liquid 

crystal light valve 7c. Below the red color type liquid crystal 
light valve 7c. the cooling fan 66 is disposed The wind 
==* produced by the cooling fan 66 cools the three liquid crystal 

~* light valves. When the cooling fan 66 is rotated, it allows 

0 wind to satisfactorily blow the blue and green color type 
d liquid crystal light valves 7c and 7a disposed outside of the 
n red color type liquid crystal light valve 7b. 

1 i The cooling fan 66 according to this embodiment is of a 

blade type. When the cooling fan 66 is rotated, the wind 
f ; force in the periphery thereof is stronger than that in the 

U center thereof. The wavelength of rays of light which enter 

each liquid crystal light valve differs from each other. The 
energy of rays of blue region which enters the blue color 
type liquid crystal light valve is higher than that of the green 
and red regions. Thus, singe the temperature of the blue 
color type liquid crystal light valve rises most the necessity 
of cooling this valve is highest In contrast since the energy 
of rays which enter the red color type liquid crystal light 
valve is least and the temperature of this valve does not 
greatly rise, the necessity of cooling this valve is compara- 
tively low. In addition, singe rays which enter each liquid 
crystal light valve have been passed through an infrared ray 
cutting filter after being emitted from the light source, 
infrared rays do not enter each liquid crystal light valve. 

Thus, as described in the above-mentioned ernrxxiiment 
the cooling fan 66 is disposed below the red color type liquid 
crystal light valve 7b so that wind produced by the cooling 
fan 66 satisfactorily blows against the blue and red color 
type liquid crystal light bulbs. In other words, the blue color 
type liquid crystal light valve which is highly heated by the 
rays with high energy is disposed at the peripheral portion of 
the cooling fan where the wind force is strong and the red 
color type liquid crystal light valve which is less heated by 
- the rays with low energy is disposed at the center portion of 

the cooling fan where the wind force is weak. Consequently* 
each liquid crystal light valve can be effectively cooled 
without cooling loss. In addition, with one fan. the plurality 
of liquid crystal light valves can be cooled In addition to 
reducing the cost of the product the weight and size thereof 
can be decreased 
In this embodiment an image produced by entering rays 
*r i-i i i n ~z of red region separated by the separating dichroic mirrors 2 
J. ' " "-5 a!Kl 3a into the liquid crystal light valve 7b Pa] (hereafter this 

image is referred to as a red image) an3 an image produced 
by entering rays of greed region separated likewise 
(hereinafter this image is ref erred to as a green image) are 
mixed by the dichroic mirror 3*. Thereafter, the mixed 
image and an image produce by entering rays of blue region 
into the liquid crystal light valve 7c (hereinafter this image 
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is referred to as a blue image) are mixed by the dichroic 
mirror 5. Thus, a mixed image with three colors of red 
green, and blue can be obtained. 

In the above-mentioned embodiment, by decreasing the 
thickness of the red color mixing dichroic mirror 3* the 
asuginatism of the green image which passes through' this 
mirror 3* is decreased. However, when the thickness of the 
dichroic mirror is decreased, the surface accuracy of the red 
mixing dichroic mirror 3b deteriorates and thereby lowering 
the accuracy of the reflection. Thus, it is assumed that thf 
resolution of the red image being reflected degrades 
However, since the distance between the redmixing dichroic 
mirror 3b and the red color type liquid crystal light valve 7b 
is small, the degradation of the surface accuracy of the red 
mixing dichroic mirror does not significantly affect the 
image quality. Moreover, in this embodiment, by increasing 
the thickness of the mixing dichroic mirror S. the surface 
accuracy is maintained and thereby the resolution of the 
image mixed by the red mixing dichroic mirror 3b is 
maintained. However, when the thickness of the mixing 
dichroic mirror 5 is increased, the astigmatism of the blue 
image ttaasmitted in the mixing dichroic minor S becomes 
large. Nevertheless, since the relative visibility of the blue 
image is lower than that of the green and red images, it is not 
significant 

Thus, in the embodiment shown in FIG. 12, since the 
green color type liquid crystal light valve 7a and the blue 
color type liquid crystal light valve 7c are interchangeably 
usei point defects of the green image with high relative 
visihihty can be decreased. Aliquid crystal light valve which 
is not suitable for the green color liquid crystal light valve 
la can be sometimes used as one for blue. Thus, the yield 
can be improved. Conventionally, three types of liquid 
crystal light valves have been designed id prodS 
However, according to this embodiment, the number of 
types Qfliquid crystal light valves can be reduced from three 
to two. Thus, cost reduction can be accomplished. 

t Jl* 6 em ^. d * ment shown ™ FIG. 13, the red color type 
Uquid crystal Ught valve 7b is disposed midway between the 
green color type Uquid crystal light valve 7a and the blue 

whM? UqUid ? yStal Ught valvc 7c - The cooling fan 66 
which allows wind to satisfactorily blow against the green 
and blue type color liquid crystal light valves 7a and 7b is 
disposed below the red color type Uquid crystal Ught valve 
7b. Thus, the blue color type Uquid crystal Ught valve which 

rJlf ., m °?i can be cffec «vely cooled down. 
Consequently, without cooling losses, the single fan can cool 

fn 0 ^^ PlUfaIity " Uquid a > rstal U #* Vfl lvcs. Therefore, 
in addition to reducing the production cost, the weight and 
size thereof can be decreased. 

Moreover, in the embodiment shown in FIG 12. bv 
decreasing toe thickness of me red color mixing dictaofc 
minor _ 3*. the astigmatism of a green image whose relative 

n JS^S** ^ ?** decreased B V increasing the thick- 
ness of the mixing dichroic mirror, the surface accuracy 
thereof can be improved. Thus, the image mixed by the red 
color mixing dichroic mirror 5 can be precisely reflected. 
m ™i M t0 f« show practical examples of the overall 
construction including a cooling unit of the Uquid crystal 
°f V***"* Mention. FIG. 14 is a schematic 
projector' ^ & ° m * e f ° P of ttc "^d crystal 

The liquid crystal projector of the present invention has a 
case 70 which is substantiaUy of a rectangular paraUelepiped 
shape. The case 70 accommodates aU parts, functionally 
separated as units. As shown in FIGS. 17 to 19. the case 70 
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comprises a lower case 72 and an upper case 71 which can 
be separated at a separation line 73. 

At front symmetrical positions of the bottom of the lower 
case 72. a pair of threaded adjusters 74 for adjusting the 
vertical position of a projected picture are provided. At a 
position below an optical unit 75 (which will be described 
later), an air intake slit portion 76 is formed. At rear 
symmetrical positions of the lower case 72. a pair of fixing 
members 71 are disposed. 

A window 78 of the projection lens is formed at a position 
slightly left of the center of the case 70. By sliding a cover 
plate 22 [78] sidewardiy, the window 78[79] is open. Since the cover 

plate 79 is bent in an arc shape, it slides along an arcuate 
path. 

At a right position of the rear of the case 70, an inter-face 
board frame unit 80 for connecting each interface is attached 
from the top. At a left position of the rear of the case 70, an 
air exhaust fan cover 81 is attached from the top. In the 
center of the air exhaust fan cover 81, an air exhaust opening 
82 is formed. As shown in FIG. 19, at a lower center position 
of the rear of the case 70. a power receptacle 83 is disposed. 

At a left position of the rear of the case 70, a lamp housing 
cover 85 for accessing an inner housing 154 is disposed. 

At a position left of the center of the top of the upper case 
71, a speaker hole portion 86 for conveying sound generated 
by a speaker is formed. On the speaker hole portion 84, a 
speaker cover 87 made of a punched plate having 
holes is disposed. At a front position of the top of the upper 
case 71. an operation panel 88 on winch the user effects for 
example image, sound, and autof ocus adjustment oper at ic— 
is disposed. At a rear position at the center of the top of the 
upper case 71, a power switch button 89 is disposed. 

A base plate 90 is detachably mounted on the lower case 
72 with screws. 

On the base plate 90, an optical unit 98 (see FIG. 28) 
where a lamp housing unit 91 and a projection lens unit 92 
are assembled in a light guide unit 102 is disposed in such 
a way that the main optical path is in an L shape when 
viewed from the top thereof (see FIG. 14). In addition, the 
projection lens unit 9 faces the window 78 in front [the from] of the 
case 70. Moreover, the access direction of an inner housing 
154 of the lamp housing unit 91 faces the lamp housing 
cover 85 on the left of the case 70. 

A power unit 95 is disposed in the front of the lamp 
housing unit 91 and on the air intake side, A lamp stabilizing 
unit 96 is disposed on the left of the projection lens unit 9. 
A video board unit 97 is disposed outside the optical unit 75. 
The lamp housing unit 91, the power unit 95, the stabilizing 
unit 96, the video board unit 97, and the optical unit 96 are 
separately and detachably mounted on the base plate 90. 

The power unit 95 and the lamp stabilizing unit 96 are 
accommodated in a shield case having a plurality of holes 
for drawing and exhausting air. The speaker 99 is fixed to the 
power unit 95 through the shield case. 

A drive board unit 100 has a liquid crystal drive circuit, 
a microcomputer built-in system control circuit, and so 
forth. The drive board unit 100 is disposed at the top of the 
optical unit 75. The drive unit 100 has board holes 101 for 
routing cables for the liquid crystal light panels and air flow 
paths thereof. These holes 101 are formed over the respec- 
tive liquid crystal light valves. These holes 101 allow air to 
flow to the top of the drive board unit 100. 

The air intake fan 66. which is an axial flow fan. is 
mounted on the base plate 90 below the light guide unit 102. 
An integrally formed inlet air regulating plate 105 disposed 
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midway between the air intake fan 66 and the light guide 
unit 102 allows fresh air drawn through the air intake slit 
portion 76 and a dust protecting filter 104 disposed on the 
bottom to branch into at least three flow routes toward the 
liquid crystal light valves and into a plurality of flow paths 
in the direction perpendicular to the air blow opening. 

The optical unit 98 is the above-mentioned optical means. 
Hereinafter, the above-mentioned upper chassis plate 8a is 
referred to as an upper light guide 121 and the lower chassis 
plate 8b as a lower Ught guide 126. Then, these light guides 
121 and 126 will be described in detail. 

As shown in FIG. 22, the air intake regulating plate 105 
is connected to a guide hole 107 of the lower light guide 126. 
Thereafter, by inserting screws in the fixing holes 108/ the 
air intake regulating plate 10S is fixed to the lower light 
guide. The air intake fan 66 is disposed at a position 
perpendicular to the three liquid crystal light valves 7c (7a, 
and 7b), which arc disposed in a crank shape. In addition* 
these three liquid crystal light valves 7a. 7b. and 7c are 
disposed in a projection area with the air blow diameter of 
the air intake fan 66. As a result, the distance between the air 
blow opening 111 and each of liquid crystal light valves 7a, 
7b, and 7c becomes short In addition, the temperatures of 
the liquid crystal light valves 7a, 7b, and 7c and the 
polarizing plates 112 can be decreased. 

A second embodiment of the air intake regulating plate 
105 has basically a cylindrical shape as shown in FIG. 50. 
A third embodiment of the air intake regulating plate has a 
construction where two curved branching walls and a 
straight wall are added to the construction of the first 
embodiment, the branching walls being connected inwardly 
from the periphery of the air intake regulating plate to the 
straight wall which is disposed in parallel with the surface of 
the liquid crystal Ught valve. The axial flow fan causes wind 
to blow in an inclined direction which is the same as the 
rotating direction of the fan blades. FIG. 56(a) shows a result 
of air speed data of the axial flow fan. From this figure, it is 
known that when no obstacles (such as net and filter) are 
present in the air intake side of the axial flow fan, although 
the center portion of iso-speed curve a is low, the curve is 
extended toward the front of the blades. When there are 
obstacles, as shown in FIG. 56(b), the overall speed of the 
axial flow fan decreases and the curve a is extended in the 
vicinity of the air blow opening. Thus, the wind blows 
outward. In the second embodiment, the iso-speed curve 
shown in FIG. 56(c) is obtained. The speed and direction of 
wind of the second embodiment as shown in FIG. 56(c) are 
superior to those of the related art as shown in FIG. 56(b). 
The iso-speed curve of the third embxxliment is shown in 
FIG. 56(d). In the third emb<Kliment, wind also blows from 
the center portion of the axial flow fan to the air blow side. 
As shown in FIG. 22, the first embodiment of the air intake 
regulating plate 105 is an improvement of the third embodi- 
ment. In the first embodiment, so as to easily inject and mold 
plastics, air blow openings 116, 117, and 118 facing three 
liquid crystal panel blocks 115 are formed below these 
blocks 115 on an upper surface 66a of a cylindrical member. 
A plurality of branch walls 119 made of curved and straight 
portions are disposed so that air flows through the liquid 
crystal light valve 7c (7a. and 7b) equally upwardly along 
the space of the polarizing plates 112. In addition, to activate 
the air flow of the entire flow paths in the case, a plurality 
of air blow openings 120 are formed on the side of the 
cylindrical member. 

In FIG. 14, the optical unit 75 is a block for separating and 
mixing light of a light source. Reference numeral 121 an 
upper light guide which is made as a metal plate and is in a 
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box shape. A light entrance opening 122 at which light enters 
and a light emit opening 123 from which light is emitted are 
open. Reference numeral 124 is an air blow opening of three 
air paths formed on the top 125 of the upper light guide 121. 
Reference numeral 126 is a lower light guide which is 
substantially of box shape. The upper light guide 121 
accommodates optical parts in such a way that the upper 
light guide 121 covers the lower light guide 126. Column 
members are disposed midway between the upper light 
guide 121 and the lower light guide 126. In addition, the 
upper light guide 121 and the lower light guide 126 are 
secured by screws. As a result, the strength of the optical unit 
75 becomes high. Reference numeral 127 is a prepolarizer 
block where a prepolarizer 128 made of a plurality of glass 
plates arranged in a V shape is clamped with a glass fixing 
plate 129. a support rubber 130. and a glass support plate 
131. A UV and IR filter portion 132 is adhered to the glass 
support plate 131 with a double-sided adhesive tape. The 
prepolarizer block 127 is mounted at the position of the light 
entrance opening 122 of the optical unit 75. In this blocked 
construction, the length of the optical paths in the optical 
unit 75 is shortened and the shock resistance thereof is 
improved. 

Next, optical pants accommodated in the optical unit will 
be described. The optical unit has three blocks, each of 
which contains the prepolarizer 128. the UV and IR filter 
portion 132. and the liquid crystal light valve 110. The 
polarizing plates 112 are disposed before and after each 
liquid crystal light halve. Thus, a total of six polarizing 
plates 112 are disposed in the three blocks. Reference 
numerals 4a and 4b are mirrors. Reference numerals 2. 3a. 
36. and 5 are dichroic mirrors. Reference numeral 135 is a 
condenser lens. These optical parts are fixed to plate shape 
fixing members. These fixing members are fixed to the 
inside of the optical unit 75. As described above, the liquid 
crystal light valves 7a, 7b. and 7c. and the polarizing plates 
112 are grouped into three liquid crystal light valve blocks 
115. each of which has an adjustment mechanism. 

The projection lens unit 9 is fixed in accordance with the 
light emitting opening 136 of the lower light guide 126. 

FIGS. 23 to 26 show the construction of the lower light 
guide 126. FIG. 23 is a plan view of the lower light guide 
126. FIG. 24 is a rear view of the lower light guide 126. FIG. 
25 is a side view of the lower light guide 126. FIG. 26 is a 
front view of the lower light guide 126. Reference numeral 
137 is an upper air blow opening according to the air flow 
path of the air blow opening of the inlet air regulating plate 
105. Reference numeral 138 is an air blow opening. This air 
blow opening 138 contributes to reducing the weight of the 
lower light guide 126. Reference numeral 139 is an air flow 
path guide. As shown in FIG. 27. the air flow path guide 139 
is a wall which is bent at 90° so as to guide cooling air to the 
liquid crystal light valve 7c. (7a. and 7b) and the polarizing 
plates 112 through the air intake opening 140. 

Reference numeral 141 is an exhaust fan fixing plate. As 
shown in FIGS. 28. 29, 30, and 36. the exhaust fan fixing 
plate 141 has skirt-shaped air inlet guides 142 on the top. the 
right, and the left thereof so as to suppress drawing air from 
the side of the air intake opening of the exhaust fan 143 and 
to preferentially cool heated members on the entire surface 
of the air intake opening in front of the air blow opening of 
the exhaust fan 143. 

As shown in FIGS. 28 and 34. a space 144 is formed in 
the vicinity of the lamp. By disposing the lamp in the 
vicinity of the air intake opening of the exhaust fan 143/ the 
lamp and the highly heated portion in the vicinity thereof can 
be directly and effectively cooled. 
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Id the conventional liquid crystal projectors, there is a 
problem where dust and rubbish are attracted from the 
opening in the front of the projection lens 9. To solve this 
problem, a side air blow opening of the air intake regulating 
plate 105 is rotated clockwise. The air from the rotating air 
blow opening strikes against the upper wall on the right of 
the lower light guide 126 and thereby the wind is directed 
toward the window of the projection lens. In addition, a 
branching plate 145 shown in FIG. 14 is disposed so as to 
prevent influence of the attracting force of the exhaust fan 
14S. Thus, the amount of blow air the front air exhaust 
opening becomes low. As a result, dust and rubbish are not 
attracted. The branching plate 145 is made of a thin plastic 
plate. The branching plate 145 is substantially of a rectan- 
gular shape. Part of the plate 145 is bent at 90° and adhered 
to flat surfaces of the base plate 90 and the lamp stabilizer 
96 with a double-sided adhesive tape. 

Reference numeral 146 is a lamp fan block. The lamp fan 
block 146 is formed by winding a metal plate around the 
circumference of a lamp fan 147. One side of the lamp fan 
block 146 is screwed to a lamp fan fixing plate 149 which 
forms an air blow opening rotated at 90° from an air blow 
opening of the lamp fan 147. On a side of a window frame 
150 in the front of the air blow opening of the lamp fan 147. 
the lamp fan fixing plate 149 is fixed so as to form the lamp 
fan block 146. The lamp fan block 146 is fixed on a side of 
the light entrance opening 122 of the upper light guide. The 
window frame 150 prevents light from the lamp from 
leaking out by using a surface of a front portion 151 and a 
90° bend portion 152 as shown in FIG. 33. In addition, the 
window frame 150 allows air of the lamp fan 147 to pass 
through from a window frame hole 153. 

Next, an inner housing block 154 of the lamp housing unit 
91 will be described. As shown in FIGS. 34 to 47, reference 
numeral 1 is a lamp as a light source. In the lamp 1. a 
lighting tube 156 is fixed to a reflector 157. The lamp 1 is 
positioned and fixed to an shaped lamp fixing plate 158 
with a lamp spring 159. A lamp male connector 160 is 
positioned and screwed to an L-shaped lower cut portion of 
the lamp fixing plate 158. The lamp fixing plate 158 is 
surrounded by a lamp inner housing member 161 and 
screwed to the lamp fixing plate 158. The inner housing 
member 161 has a handle 162. In the rear of the lamp 1. a 
rear electrode plate 163 and a side electrode plate are 
disposed. Both the electrodes and the lamp male connector 
160 are connected to electric wires 164. These electric wires 
164 have a high heat resistance. In addition to the electric 
wires, respective electric wire connecting portions of the 
lamp male connector 160 are coated with highly insulated 
shrinkabie tubes 165. On a side of the inner housing member 
161, a vent hole portion 166 for cooling is disposed. In the 
front of the lamp lighting tube 156. a heat insulating film 167 
is coated. In the figure, reference numeral 168 is a control 
portion. Reference numeral 169 is a hole for providing an 
insulating space. Reference numeral 170 is a fixing portion 
of the lamp inner housing block 154. Reference numeral 171 
is a grille portion for providing an insulation space. Refer- 
ence numeral 172 is an E ring by which the lamp can be 
replaced without removing screws from the inner housing. 
Reference numeral 173 is a slide guide portion. Reference 
numeral 174 is an upper-lower positioning portion. Refer- 
ence numeral 175 is a vertical positioning portion. Refer- 
ence numeral 176 is a left-right positioning portion. Refer- 
ence 177 is an opening portion. 

The holes of vent hole portion 166 are formed at a pitch 
different from those of the vent holes of the outer housing 
member 178 and grille windows 180 so that light does not 
leak out to the outside. 
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Next, a lamp outer housing block 181 of the lamp housing 
unit 91 will be described. 

The front of the outer housing member 178 is an entrance 
opening of the inner housing block 154. In the front there 
are screw holes for fixing the inner housing and two fixing 
tables 182 where three portions of the lamp outer housing 
block 181 are cut and raised. On the left side of the lamp 
outer housing block 181. there are grille windows 180 fox 
downward ventilation and vent holes 179. On the right side 
of the lamp outer housing block 181, there are grille win- 
dows 180 for upward ventilation and vent holes 179. At the 
top of the lamp outer housing block 181, there is a grille 
portion 178a for providing an insulation distance, left and 
right positioning holes 183 of the lamp fixing plate 158, 
- screw holes 184 for fixing an overheat protection safety 
switch, and a screw hole 185 for fixing a thermistor. In the 
rear of the lamp outer housing block 181. there is a vertical 
air flow control portion 186 and a horizontal air flow control 
portion 187 for allowing wind to blow against the surface of 
me lamp lighting tube 156 and the hottest portion of the heat 
insulation film. These portions 186 and 187 are formed by 
cutting and raising the lamp outer housing block 18 L In 
addition, at a center position of the rear of the lamp outer 
O housing block 181, a light emitting opening 188 is formed. 

^3 At a lower position of the rear of the lamp outer housing 

yj block 181, a connector window 189 is formed. In the rear of 

fti the lamp outer housing block 181, a rear member 190 with 

p= i high vertical accuracy and upper-lower positioning portions 

s Jif 1^1 are formed. Moreover, in the rear of the lamp outer 

a f = housing block 181, there are fixing holes 192 for fixing the 

f]j lamp outer housing block 181 to the base plate 90 and 

hj positioning holes 199 thereof. 

Reference numeral 194 is a lamp connector plate for 
L_ connecting a lamp female connector 196 to a connector 

~ fixing portion 195 through a connector bush 197. 

2^ There is a space between the connector bush 197 and the 

fU connector fixing hole 198. This space accommodates axial 

fn deviation of the connector. A lamp connector plate upper 

member 199 insulates the connector from light In addition, 
the upper member 199 shields the connector from EML 
yy Reference numeral 200 is a ground terminal fixing portion. 

The lamp female connector 196 has a guide slope for smooth 
connection. 

When the inner housing block 154 is inserted into the 
outer housing 181, the vertical positioning portions 175 of 
the inner housing 154 are contacted with the rear m*™*^ 
190 which is the refe rence surface of the outer housing 154b 
In addition, the upper-lower and left-right positioning por- 
tions 174 and 176 are contacted in positions. As a result, die 
inner housing block 154 is correctly positioned. 

A second embodiment of the case 70 will be described 
with reference to FIGS. 52 and 53. 
— Reference numeral 201 is an exhaust air drawing protec- 

tion wail. When the liquid crystal projector is installed in 
such a way that the rear of the case of the projector contacts 
a wall, this protection wall 201 prevents the air intake 
opening from drawing exhausted warm air through the space 
between a case bottom 202 and the floor. 

Next, a third embodiment of the case 70 will be described 
with reference to FIGS. 54 and 55. 

In this emrxxliment, the strength of the exhaust air draw- 
ing protection wall 201 of the second embodiment is 
improved so that it can have the function of a foot. 

As described above, fresh air drawn by the sir intake fan 
7 / 7/ 473 = f 105 l cools the liquid crystal light valves 7a, 7b, and 7c. 

" Thereafter, the air flows from the opening portion 101 of the 
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drive board unit 100 upwardly. Next, the air merges with air 
coming from the side openings 120 of the air intake regu- 
lating plate 105 in the vertical direction and then cools the 
lamp stabilizer unit 96 and the power unit 95. Thereafter, the 
air cook the lamp 1. Finally, the air is exhausted to the 
outside by the lamp fan 147 and the air exhaust fan 143. 

In the above-mentioned construction, the optical unit, 
which comprises the lamp housing unit, the liquid crystal 
light valves, the niirrors, the dichroic mirrors, and the 
projection lens, the air intake fan, the lamp fan, the exhaust 
fan, and so forth are compactly accommodated in a rectan- 
gular parallelepiped case so that an image mixed by at least 
three liquid crystal light valves for forming color images is 
projected as a picture onto a screen by the projection lens. 
In addition, with the air intake regulating plate and the air 
branching plates, the air flow paths can be branched and 
enlarged. Thus, the operability, durability, maintainability, 
and environmental properties are improved. 

FIGS. 57 and 58 show a cooling means of the lighting unit 
of the liquid crystal projector. FIG. 57 is a view showing the 
construction of the cooling means. The lamp 1 comprising a 
metal halide lamp 156 and a lamp reflector 157 is fixed to a 
lamp fixing plate 158 and accommodated in a lamp housing 
_ . 207* A rear sealed portion 208 of the metal halide lamp 156 

FU is inserted into a lamp fixing portion 209 of the lamp 

yl reflector 157 and then fixed with cement or the like. By 

pj connecting a front electrode plate 210 and a rear electrode 

= % plate 163 of the metal halide lamp to the lamp stabilizer 96 

^ disposed outside the lamp unit, the metal halide lamp 156 

can be lit As the cooling means, the air exhaust fan 143 
O which is an axial flow fan having blades with an outer 

diameter equal to or larger than the diameter of the opening 
portion of the lamp reflector 157 is disposed near the lamp 
house 207. Thus, the air exhaust fan 143 draws air through 
the inside of the lamp housing 207. On the sides of the lamp 
housing 207, there are air intake and exhaust holes for 
cooling the lamp 1. Thus, air flows in the directions of the 
arrow in the lamp housing 207. In addition, at a position 
close to the lamp reflector opening portion 214, the lamp fan 
147 which is smaller than the diameter of the lamp reflector 
opening. portion 214 is disposed. 

When an axial flow fen is used for the lamp fan 147, the 
wind is widened in the air blow direction. In addition, since 
the wind is twisted in the rotating direction of the fan, the 
wind also flows to the region surrounded by the lamp 
reflector 157. 

FIG. 58 is a side view of the cooling means. In the front 
of the air blow side of the lamp fan 147, an air regulating 
plate 216 is disposed. The air regulating plate 216 can 
accurately guide cold air directly to the surfaces of the 
lighting robe 156 and the front sealed portion 156a in the 
directi o n of the arrows. 

It should be noted that the lamp fan 147 can be a scirocco 
fan or a cross flow fan. In addition, the lamp fan 147 can be 
installed at an angle. Moreover, the blowing direction of the 
lamp fan 147 can be changed in the range of the conven- 
tional blowing direction ±90°. 

Further, the regulating plate 216 can be disposed in the 
lamp housing 147 or midway between the lamp house 207 
and the lamp fan 147. 

In the above mentioned construction, after the metal 
halide lamp 156 is discharged and lit, the air exhaust fan 213 
cools the entire lamp h In addition, the lamp fan 147 and the 
6 regulating plate 216 produce air flows on the surfaces and 

peripheries of the lighting tube 156 and the front sealed 
portion 156a. thereby improving the cooling effect In other 
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